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© Integrated-circuit chip test probe card. 

© An improved test probe card for testing un pac- 
kaged integrated-circuit (IC) chips prior to installation 
of the chips in some type of electronic device. The 
test probe card includes a chip insulating board 
having openings at positions corresponding to con- 
tact areas of an IC chip and a test circuit board 
having inner contact areas at positions correspond- 
ing to the openings in the chip insulating board. 
Electrical connections between the IC chip and inner 
circuit board contact areas are established with con- 
ductive connector elements positioned in the open- 
ings. Circuit board traces electrically connect the 
inner circuit board contact areas with outer contact 
areas located about the periphery of the circuit 
board. The outer contact areas are preferably con- 
nected to a testing device using coaxial cables, 
, which are electrically connected to the outer contact 
[areas with a coaxial cable connecting board. The 
connector elements are preferably each formed from 
a single strand of metal wire, each strand be.ng 
wadded together to form a nearly cylindrical 
"button" of material. 
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INTEGRATED-CIRCUIT CHIP TEST PROBE CARD 



TOs application is a continuation-in-part of a 
intending applicator by the same inventor entitled 
"Integrand-Circuit Chip interconnection System," 
Serial" No. 835,818. and filed on March 8, 1986. 
This application is related to an earlier filed ap- 
plication by the same inventor entitled "Multi-Ele- 
ment Circuit Construction," Serial No. 499,136, 
filed on May 31, 1983. which issued as U.S. Patent 
No. 4.574,331 on March 3. 1986 and U.S. Patent 
No. 4,581,679 on April 8, 1986. This application is 
also related to an earlier filed application by the 
same inventor entitled "Multilayer Circuit Board 
Interconnection," Serial No. 482,372, filed on Au- 
gust 25, 1965, and subsequently abandoned. 



BACKGROUND OF THE INVENTION 

This invention relates generally to devices for 
testing electronic components and, more particu- 
larly, to devices for testing microelectronic compo- 
nents, including integrated-circuit (IC) chips. 

An integrated-circuit (IC) chip generally con- 
tains thousands of microscopic circuit elements, 
such as transistors, resistors and capacitors. These 
circuit elements are interconnected within the IC 
chip in a variety of circuit configurations, with 
inputoutput leads of the various circuits connected 
to conductive areas or pads located about the 
periphery of the IC chip. To ensure that the various 
circuits in each IC chip are functioning properly, so 
that each IC chip can be used reliably in some 
type of electronic device, it is desirable that each 
IC chip be tested prior to being installed in the elec 
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IC chip be tested prior to being installed in the elec 
Ironic device. Furthermore, because packaging an 
IC chip is relatively costly and time consuming, 
and because a significant number of IC chips fail 

s the testing process and have to be discarded, it is 
also desirable that each IC chip be tested prior to 
being placed in its chip package. 

An unpackaged IC chip, having no pins or 
leads, can be electrically connected to an IC chip 

io testing device by means of a test probe card. A 
conventional test probe card is disclosed in U.S. 
Patent No. 3,835,381 to Garretson et al. The Gar- 
retson et al. test probe card comprises a probe 
assembly mounted in an aperture located at one 

15 end of a test circuit board. The probe assembly, a 
radial array of inwardly-projecting, electrically-con- 
ductive probe wires, makes electrical contact with 
the contact areas about the periphery of the unpac- 
kaged IC chip. Each probe wire is fabricated from a 

20 tungsten wire, with the contact portion of each 
probe wire being tapered and bent at right angles 
to the axis of the probe assembly for contact with a 
chip contact area. Circuit board traces electrically 
connect the probe wires with an edge card connec- 

25 tor at the other end of the test circuit board. The 
edge card connector electrically connects the test 
circuit board to a chip testing device. 

Although the Garretson et al. test probe card 
has many advantages, it does have certain -dis- 

oo advantages. One disadvantage is that the test 
probe card is rather costly to manufacture and has 
a limited useful life. Another disadvantage is that 
the test probe assembly is extremely delicate, with 
the probe wires being easily bent and requiring 

35 constant realignment. Finally, another disadvantage 
Is that because of the ever increasing speed of IC 
chips, the parasitic capacitances of the probe wires 
and long circuit board traces can severely limit the 
high speed testing of IC chips. To obviate or mini- 

40 mize the disadvantages arising from the use of 
conventional test probe cards, it is apparent that a 
new approach for testing unpackaged IC chips is 
needed. The new approach should be less costly 
to manufacture and have a longer useful life. The 

45 new approach should also minimize contact resis- 
tance and probe alignment difficulties and, most 
importantly, the new approach should minimize 
parasitic capacitance. The present invention is di- 
rected to these ends. 
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SUMMARY OF THE INVENTION 

The present invention nesct&s in an improved 
test probe card for testing, unjpackaged IC chips. 
Briefly, and in general terms., the improved test 5 
probe card includes a chip insulating; board and a 
test circuit board. The chip insulating board has 
openings at positions corresponding to contact 
areas of an unpackaged IC chip and the test circuit 
board has inner contact, areas, at positions cor- 10 
responding to the openings in the chip insulating 
board. Electrical connections between the IC chip 
and inner circuit board contact areas are estab- 
lished with conductive connector elements posi- 
tioned in the openings. Circuit board traces elec- 75 
trically connect the inner circuit board contact 
areas with outer contact areas located about the 
periphery of the circuit board. The outer contact 
areas are preferably connected to a testing device ■ 
using coaxial cables, which are electrically con- 20 
nected to the outer contact areas with a coaxial 
cable connecting board. 

In a presently preferred embodiment of the 
invention, an IC chip is mounted in a recessed area 
of a test stand. The exposed top face of the IC chip 25 
has a plurality of metalized contact areas or pads 
located about the periphery of the chip, which are 
connected to the input-output leads of the various 
circuits in the IC chip. A chip insulating board, 
attached to the inner portion of a flexible support 30 
frame, is interposed between the IC chip and a test 
circuit board. The chip insulating board has open- 
ings at positions corresponding to the IC chip con- 
tact areas and the test circuit board has inner 
contact areas at positions corresponding to the 35 
openings in the chip insulating board. Electrical 
connections between the IC chip contact areas and 
the inner circuit board contact areas are estab- 
lished by compressing the test circuit board toward 
the IC chip with a weight, thus compressing con- 4q 
nector elements positioned in the openings of the 
chip insulaling board against the chip and inner 
circuit board contact areas. 

Circuit board traces electrically connect the 
inner circuit board contact areas with outer circuit 45 
board contact areas located about the periphery of 
the circuit board. The outer contact areas are pref- 
erably connected to a testing device using coaxial 
cables, which are electrically connected to the out- 
er contact areas with a coaxial cable connecting so 
board. The coaxial cable connecting board includes 
a coaxial cable insulating board and *a coaxial cable 
support frame. The coaxial cable insulating board 
has openings at positions corresponding to the 
outer circuit board contact areas and the coaxial 55 
cable support frame supports the coaxial cables at 
positions corresponding to the openings in the co- 
axial cable insulating board. Electrical connections 
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between the outer contact areas and the ends of 
the coaxial cables are established by compressing 
the coaxial cable support frame toward the test 
circuit board, tnus compressing connector ele- 
ments positioned in the openings of the insulating . . 
board against the outer circuit board contact areas 
and the coaxial cable ends. 

The connector elements are preferably each 
formed from a single strand of metal wire, each 
strand being wadded together to form a nearly 
cylindrical "button" of material. Each wadded-wire 
connector element fits snugly in an opening of the 
chip or coaxial cable insulating board and pro- 
trudes slightly above and below the insulating 
board. The wadded-wire connector elements make 
electrical contact at multiple points when com- 
pressed against a contact area. Connectors of this 
type have significant advantages over other types 
of connectors, and provide connections of high 
integrity and reliability. In contrast to other types of 
connectors, this mechanical connector element has 
very few associated variables that can affect the 
quality of the connection. The only significant vari- 
ables are the size of the connector element and the 
compressive force used to make the connection, 
both of which can be accurately controlled. 

It will be appreciated from the foregoing that 
the present invention represents a significant ad- 
vance in the art of testing microelectronic compo- 
nents. The improved test probe card of the present 
invention is relatively inexpensive to manufacture 
and has a long useful life. In addition, the parasitic 
capacitance of the improved test probe card is 
substantially reduced because probe wires and 
long circuit board traces are eliminated. Further- 
more, the wadded-wire connector elements have 
very little contact resistance and present no align- 
ment problems. Other features and advantages of 
the present invention wili become apparent from 
the following more detailed description, taken in 
conjunction with the accompanying drawings, 
which illustrate, by way of example, the principles 
of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a fragmentary perspective view 
of an improved test probe card utilizing the tech- 
nique of the present invention; 

Figure 2 is a fragmentary sectional view of 
the improved test probe card utilizing the technique 
of the present invention: and 

Figure 3 is a fragmentary, exploded per- 
spective view of a chip insulating board having a 
plurality of wadded-wire connector elements. 
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DESCRIPTION OF THE PftBFERRED EMBODI- 
MENT 

As shewn the sfcawirugs for purposes of il- 
lustration, the present itoentieo & embodied in a 
test probe caEd to tesm$ unpackaged IC ciiips. An 
fC chip gerrersilyr contains thousands of micro- 
scopic circuit elements interconnected; within the IC 
chip in a variety of circuit configurations. To ensure 
that the various circuits in each IC chip are func- 
tioning properly, so tf?af each IC chip can be used 
reliably in some type of electronic device, it is 
desirable that each IC chip be tested prior to being 
installed in the electronic device. Furthermore, be- 
cause packaging an IC chip is relatively costly and 
time consuming, and because a significant number 
of IC chips faii the testing process and have to be 
discarded, it is also desirable that each IC chip be 
tested prior to being placed in its chip package. 
Conventional test probe cards of the prior art, 
which allow an unpackaged IC chip to be con- 
nected to a testing device, do not provide adequate 
performance for testing an IC chip at high speed. 

In accordance with the present invention, the 
improved test probe card includes a chip insulating 
board and a test circuit board. The chip insulating 
board has openings at positions corresponding to 
contact areas of an unpackaged IC chip and the 
test circuit board has inner contact areas at posi- 
tions corresponding to the openings in the chip 
insulating board. Electrical connections between 
the IC chip and inner circuit board contact areas 
are established with conductive connector elements 
positioned in the openings. Circuit board traces 
electrically connect the inner circuit board contact 
areas with outer contact areas located about the 
periphery of the circuit board. The outer contact 
areas are preferably connected to a testing device 
using coaxial cables, which are electrically con- 
nected to the outer contact areas with a coaxial 
cable connecting board. 

Figures and 2 illustrate an improved IC chip 
test probe card 10 for testing an unpackaged IC 
chip 12. The IC chip 12 is mounted in a recessed 
area of a test stand 14 and held firmly in place by 
a vacuum line 16. The exposed top face of the IC 
chip 12 has a plurality of thin-film metalization 
contact areas or pads 18 located about the periph- 
ery of the chip 12, which are connected to the 
inputoutput leads of the various circuits in the IC 
chip 12. A chip insulating board 20, attached to the 
inner por tion of a flexible support frame 22. is 
interposed between the IC chip 12 and a test 
circuit board 24. The chip insulating board 20, as 
shown more clearly in Figure 3, has openings 26 at 
positions corresponding to the IC chip contact 
areas 18. The lower surface of the test circuit 
board 24 has inner contact areas 28 at positions 



corresponding to the openings 26 in the chip in- 
sulating board 20. Electrical connections between 
the IC chip contact areas 18 and the inner circuit 
board contact areas 28 are established by com- 

s pressing the test circuit board 24 toward the IC 
chip 12 with a weight 30. thus compressing con- 
nector elements 32 positioned in the openings 26 
of the chip insulating board 20 against the chip 
contact areas 18 and the inner circuit board contact 

10 areas 28. 

Circuit board traces 34 on the upper surface of 
the test circuit board 24 electrically connect the 
inner circuit board contact areas 28 with outer 
circuit board contact areas 36 located about the 

is periphery of the circuit board 24. The outer contact 
areas 36 are preferably connected to a testing 
device {not shown) using coaxial cables 38, which 
are electrically connected to the outer contact 
areas 36 with a coaxial cable connecting board 40. 

20 The coaxial cable connecting board 40 includes a 
coaxial cable insulating board 42 and a coaxial 
cable support frame 44. The coaxial cable insulat- 
ing board 42 has openings 46 at positions cor- 
responding to the outer circuit board contact areas 

25 36 and the coaxial cable support frame 44 supports 
the coaxial cables 38 at positions corresponding to 
the openings 46 in the coaxial cable insulating 
board 42, Electrical connections between the outer 
contact areas 36 and the ends of the coaxial cables 

30 38 are established by compressing the coaxial 
cable support frame 44 toward the test circuit 
board 24, thus compressing connector elements 32 
positioned in the openings 46 of the insulating 
board 42 against the outer circuit board contact 

35 areas 36 and the ends of the coaxial cables 38. 

In a presently preferred embodiment of the 
invention, the connector elements 32 are each 
formed from a single strand of metal wire wadded 
together to form a nearly cylindrical "button" of 

40 material having a density of between twenty and 
thirty percent. Each wadded-wire connector ele- 
ment 32 fits snugly in an opening 26 of the chip 
insulating board 20 or an opening 46 of the coaxial 
cable insulating board 44 and protrudes slightly 

45 above and below the insulating board. The 
wadded-wire connector elements 32 make elec- 
trical contact at multiple points when compressed 
against a contact area Connectors of this type 
have significant advantages over other types of 

50 connectors, 2nd provide connections of high integ- 
rity and reliability. In contrast to other types of 
connectors, this mechanical connector element has 
very few associated variables that can affect the 
quality of the connection. The only significant vari- 

55 ables are the size of the element and the compres- 
sive force used to make the connection, both of 
which can be accurately controlled. 

The top of the test stand 14 has an outer. 
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annular portion 48 for supporting the test probe 
card 10 and a center portion 50 for mounting the IC 
chip 12. The outer, annular portion 48 is slightly 
higher than the center portion 50 so thai electrical 
contact between the test probe card 10 and the I C 
chip 12 is made only after the weight 30 is placed 
on the test probe card 10. The outer, annular 
portion 48 has vertical posts 52 that engage holes 
54 in the test probe card 10 to firmly hold the test 
probe card 10 in place during the testing process. 

The flexible support frame 22 is an annular 
disk 56 with a plurality of ribs 58 extending into the 
center portion of the disk 56 to flexibly support the 
chip insulating board 20. The support frame 22 is 
preferably fabricated from stainless steel having a 
thickness of about 0.001 to 0.002 inches. The flexi- 
bility of the support frame 22 allows the chip in- 
sulating board 20 to make electrical contact with 
the IC chip 12 when the weight 30 is placed on the 
test probe card 10. 

The test circuit board 24 is a conventional 
circuit board, circular in shape, with electrically- 
conductive traces 34 on at least one surface of the 
circuit board extending from the inner circuit board 
contact areas 28 to the outer circuit board contact 
areas 36. As shown in Figure 2. the inner contact 
areas 28 on the lower surface of the circuit board 
24, which make electrical contact with the wadded- 
wire connector elements 32. are electrically con- 
nected by plated via holes 60 to the circuit board 
traces 34 on the upper surface of the circuit board 
24. The circuit board traces 34 are about two 
inches long, compared to the approximately 12 to 
14 inch long circuit traces of conventional test 
probe cards, thus substantially reducing parasitic 
capacitance of the test probe card 10. 

The coaxial cable connecting board 40 is an- 
nular in shape to allow the weight 30 to rest di- 
rectly on the test circuit board 24. The outer con- 
ductors of the coaxial cables 38 are grounded to 
the coaxial cable support frame 46 and the inner 
conductors of the coaxial cables 38 terminate in flat 
contact areas for electrically connecting the inner 
conductors to the connector elements 32. 

The coaxial cable insulating board 42 and the 
chip insulating board 20 are preferably fabricated 
from an insulating material, such as a glass ce- 
ramic. The wadded-wire connector elements 32 are 
preferably made with wire fabricated from nickel or 
alloys of beryllium and copper, silver and copper, 
or phosphorous and bronze. Each wadded-wire 
connector element 32. when under compression, 
makes multiple contacts with a contact area, and 
provides multiple conductive paths. In addition, 
each contact made by the wadded-wire connector 
element 32 is at very high pressure, because of the 
type of spring formed by the wadded wire and the 
small area of each contact point. The compression 



of the wadded-wire connector elements 32 is sub- 
stantially elastic so that when the compressive 
force of the weight 30 is removed, the wadded-wire 
connector elements 32 return to their original 

5 shape, thus providing the test probe card with its 
long useful life. In the embodiment described, the 
wadded-wire connector elements 32 are manufac- 
tured by Technical Wire Products, Inc. of 
Piscataway, New Jersey, under the trademark Fuzz 

w Button. 

From the foregoing, it will be appreciated that 
the present invention represents a significant ad- 
vance in the art of testing microelectronic compo- 
nents. The improved test probe card of the present 

is invention is relatively inexpensive to manufacture 
and has a long useful life. In addition, the parasitic 
capacitance of the improved test probe card is 
substantially reduced because probe wires and 
long circuit board traces are eliminated. Further- 

20 more, the wadded-wire connector elements have 
very little contact resistance and present no align- 
ment problems. Although a preferred embodiment 
of the invention has been shown and described, it 
will be apparent that other adaptations and modi- 

25 fications can be made without departing from the 
spirit and scope of the invention. Accordingly, the 
invention is not to be limited, except as by the 
following claims. 

30 

Claims 

1. Apparatus for testing an IC chip having a 
plurality and contact areas, comprising: 

35 a test chip board having inner and outer 

contact areas on at least one side of the test circuit 
board and electrically conductive traces for elec- 
trically connecting the inner contact areas with the 
outer contact areas located about the periphery of 

40 this circuit board; said apparatus characterized as 
having: 

a chip insulating board having a plurality of 
openings therethrough at positions corresponding 
to some of the contact areas in the IC chip: and 
45 a plurality of conductive connector elements 

disposed in selected ones of the openings in the 
chip insulating board for making electrical connec- 
tions between the chip and inner contact areas. 

2. The apparatus as set forth in claim 1, 
so wherein each of the connector elements includes a 

wadded strand of conductive wire that is deformed 
when compressed and makes multiple electrical 
contacts with the chip and inner contact areas. 

3. The apparatus as set forth in claim 1, 
55 wherein the means for electrically connecting the 

outer contact areas to a testing device includes a 
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coaxial cafre connecting boara for connecting the 
cuter contact areas to the testing aevkre using 
coaxial caoles. 

4. The apparatus as set forth in cfairn 3, 
'wherein the coaxial: cable connecting board in- 5 
eludes: . 

a coaxial cable insulating board having a 
plurality of openings therethrough, with at least 
some of the openings at positions corresponding to 
the outer circuit board contact areas; 10 

a coaxial cable support frame for supporting 
the coaxial cables at positions corresponding to 
some of the openings rn the coaxial cable insulat- 
ing board; and 

a plurality of conductive connector elements ts 
disposed in- selected ones of the openings in the 
coaxial cable insulating board for making electrical 
connections between the outer contact areas and 
the ends of the coaxial cables. 

5. The apparatus as set forth in claim 4. 20 
wherein each of the connector elements includes a 
wadded strand of conductive wire that is deformed 
when compressed and makes multiple electrical 
contacts with the outer contact areas and the ends 

of the coaxial cables. 25 

6. The apparatus as set forth in claim 1, 
wherein the chip insulating board is attached to an 
inner portion of a flexible support frame. 

7. The apparatus as set forth in claim 6. 
wherein the flexible support frame is an annular 30 
disk having a plurality of ribs extending into the 
center portion of the disk to flexibly support the 
chip insulating board. 

8. The apparatus as set forth in claim 1. and 
further including a test stand having an outer, an- 35 
nular portion lor supporting the chip insulating 
board and the test circuit board and a center por- 
tion for mounting the IC chip. 

9. The apparatus as set forth in claim 1, and 
further including means for compressing the test *o 
circuit board toward the IC chip, thereby compress- 
ing the connector elements and making electrical 
contact between the chip and inner contact areas. 
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